The crystal structure of the title compound, (C 16 H 36 N)-[Ni(C 3 S 5 ) 2 ], is isomorphous with that of the corresponding Pt complex but different from the structures reported for compounds of the same chemical composition, and so provides a new crystalline phase of this complex. The nickel complex anion has good planarity and lies on a crystallographic inversion centre. There is disorder in the two terminal C atoms of two of the butyl chains of the tetra-nbutylammonium cation, the N atom of which is located on a twofold axis.
Comment
Nickel complexes of 4,5-dimercapto-1,3-dithiole-2-thione (dmit) and their %-conjugation-extended derivatives have received continued interest in the ®eld of molecular conduc-tors (Lei et al., 1996; Narvor et al., 1996; Tanaka et al., 2001) . Recently, the title compound, (I), was synthesized using a more direct method (see Experimental), instead of the common synthesis using the dibenzoyl derivative of dmit (Valade et al., 1985, and references therein) . It was also found that several different crystal structures of (I) have been reported (Table 2) . Thus, it was postulated that compound (I) synthesized using the direct method might crystallize in a new structure, and this was the ®rst reason for the present determination of (I). Another reason is due to the fact that the¯uorescence emission spectra of (I) and the analogous bis(tetra-n-butylammonium) bis(2-thioxo-1,3-dithiole-4,5-dithiolato)zincate(II) have recently been measured by us and found to be almost the same. However, it is known that the latter compound has a tetragonal coordination at the Zn centre and the former has a planar square coordination at the Ni centre, for the cases reported to date, and so the extent of delocalization of the electrons of (I) is larger than that of the Zn analogue and the compounds would be expected to have different spectra. Thus, a planar structure of the Ni±dmit complex synthesized using the current method was suspected. In order to clarify these two points, the present crystal structure determination of (I) was performed and the results are reported here.
The Ni±dmit complex anion of (I) (17 atoms) exhibits good planarity and the maximum deviation from the least-squares Acta Crystallographica Section C plane is 0.043 (2) A Ê (for atoms S1 and S1A, the two terminal atoms of the anion). Thus, the close similarity of the twō uorescence emission spectra remains unexplained, assuming there are no mistakes in the spectroscopic measurements. The geometric parameters of the anion of (I) do not differ considerably from those reported (Mentzafos et al., 1988; Valade et al., 1985) , although they agree better with the data reported by Mentzafos et al. (1988; Ni, j = 2) .
Crystal Structure Communications
The four S atoms around Ni adopt a centrosymmetric arrangement, with each pair of trans S atoms equivalent (Table 1 ). In our opinion, the four S atoms should not be regarded as equivalent, even within the range of experimental uncertainty; referring to Fig. 1 and Table 1 , the Ni1ÐS4 and Ni1ÐS5 bond lengths are 2.1541 (15) and 2.1638 (15) A Ê , respectively, and the S4ÐNi1ÐS5A and S4ÐNi1ÐS5 bond angles are 87.37 (6) and 92.63 (6) , respectively. A similar result was seen in the molecular structure of nickel diethyldithiocarbamate (Bonamico et al., 1965) . As far as the tetra-nbutylammonium cation is concerned ( Fig. 1) , two of the four butyl chains are disordered, as observed and described by Mentzafos et al. (1988) .
The crystal packing of (I) is basically isomorphous with that of the corresponding Pt complex (Mentzafos et al., 1988) , but there are fairly large differences from the structures reported (Table 2) for other compounds of the same chemical composition (Mentzafos et al., 1988, and references therein) . Taking only the packing of the Ni complex anion into account, and referring to Fig. 2 , the anions form stacks along the c axis. In the stack, the anions form a zigzag array and there are short SÁ Á ÁS contacts [3.597 (2) A Ê for both S4Á Á ÁS4 and S4AÁ Á ÁS4A] between neighbouring anions, but there are no short interstack SÁ Á ÁS contacts. All of these results are in almost perfect agreement with those of the corresponding Pt complex (Mentzafos et al., 1988) .
Experimental
Nickel chloride hexahydrate (0.476 g, 2 mmol) was dissolved in a mixture of water, methanol and acetone (3:2:2). The resulting clear green solution was reacted with a solution of bis(tetra-nbutylammonium) bis(2-thioxo-1,3-dithiole-4,5-dithiolato)zincate(II) [1.88 g, 2 mmol; prepared according to the method of Valade et al. (1985) ] in acetone for several days, until all the solvent apart from water had evaporated completely. The resulting mixture was ®ltered, giving a green±black solid, and this solid was then redissolved in acetone to recrystallize. After several days, the solvent was evaporated, giving shiny stick-like green±black crystals of (I).
Crystal data (C 16 
Data collection
Bruker P4 diffractometer /2 scans Absorption correction: 2 scan (XSCANS; Siemens, 1996) T min = 0.636, T max = 0.773 3338 measured re¯ections 2791 independent re¯ections 1834 re¯ections with I > 2'(I) 
After checking their presence in the difference map, all H atoms were ®xed geometrically and allowed to ride on their attached atoms, with CÐH = 0.96±0.97 A Ê and U iso (H) = 1.2U eq (C). The packing of the nickel anion of (I). Data collection: XSCANS (Siemens, 1996) ; cell re®nement: XSCANS; data reduction: XSCANS; program(s) used to solve structure: SHELXTL (Bruker, 1997) ; program(s) used to re®ne structure: SHELXTL; molecular graphics: PLATON (Spek, 2001) . This work was supported by the National Natural Science Foundation of China (grant No. 20172034 ) and by a grant from the State Key Programme of China.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: SK1555). Services for accessing these data are described at the back of the journal. (2-thioxo-1,3-dithiole-4 ,5-dithiolatoκ 2 S 4 ,S 5 )nickelate(III) Guoqun Liu, Gang Xue, Wentao Yu and Wen Xu
Computing details
Data collection: XSCANS (Siemens, 1996) ; cell refinement: XSCANS; data reduction: XSCANS; program(s) used to solve structure: SHELXTL (Bruker, 1997) ; program(s) used to refine structure: SHELXTL; molecular graphics: PLATON (Spek, 2001 ).
Tetra-n-butylammonium bis(2-thioxo-1,3-dithiole-4,5-dithiolato)nickelate(III)
Crystal data (C 16 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) Ni1 0.0000 0.0000 0.0000 0.0618 (3) S1 −0.34892 (9) 0.09595 (18) −0.0172 (2) 0.1137 (7) (6) H7A-C7-H7C 109.5 S4-Ni1-S5 i 87.37 (6) H7B-C7-H7C 109.5 S4 i -Ni1-S5 i 92.63 (6) N1-C8-C9 115.0 (5) S5-Ni1-S5 i 180.00 (11) N1-C8-H8A 108.5 C1-S2-C2 97.5 (3) C9-C8-H8A 108.5 C1-S3-C3 97.1 (3) N1-C8-H8B 108.5 C2-S4-Ni1 102.5 (2) C9-C8-H8B 108.5 C8 ii -N1-C8 106.9 (6) H8A-C8-H8B 107.5 C8 ii -N1-C4 110.7 (3) C8-C9-C10′ 123.2 (7) C8-N1-C4 110.6 (3) C8-C9-C10 95.9 (6) C8 ii -N1-C4 ii 110.6 (3) C8-C9-H9A 112.6 C8-N1-C4 ii 110.7 (3) C10′-C9-H9A 78.6 C4-N1-C4 ii 107.2 (5) C10-C9-H9A 112.6 S1-C1-S2 123.5 (4) C8-C9-H9B 112.6 S1-C1-S3
123.2 (4) C10′-C9-H9B 114.5 S2-C1-S3 113.3 (3) C10-C9-H9B 112.6 C3-C2-S4 121.4 (4) H9A-C9-H9B 110.1 C3-C2-S2 116.1 (4) C11-C10-C9 111.0 (3) S4-C2-S2 122.5 (4) C11-C10-H10A 109.4 C2-C3-S5 121.3 (4) C9-C10-H10A 109.4 C2-C3-S3 116.0 (4) C11-C10-H10B 109.4 S5-C3-S3 122.6 (4) C9-C10-H10B 109.4 C5-C4-N1 115.8 (5) H10A-C10-H10B 108.0 C5-C4-H4A 108.3 C10-C11-H11A 109.5 N1-C4-H4A 108.3 C10-C11-H11B 109.5 C5-C4-H4B 108.3 H11A-C11-H11B 109.5 N1-C4-H4B 108.3 C10-C11-H11C 109.5 H4A-C4-H4B 107.4 H11A-C11-H11C 109.5 C4-C5-C6 111.5 (6) H11B-C11-H11C 109.5 C4-C5-H5A 109.3 C9-C10′-C11′ 107.6 (3) C6-C5-H5A 109.3 C9-C10′-H10C 110.2 C4-C5-H5B 109.3 C11′-C10′-H10C 110.2 C6-C5-H5B 109.3 C9-C10′-H10D 110.2 H5A-C5-H5B 108.0 C11′-C10′-H10D 110.2 C5-C6-C7 116.4 (7) H10C-C10′-H10D 108.5 C5-C6-H6A 108.2 C10′-C11′-H11D 109.5 C7-C6-H6A 108.2 C10′-C11′-H11E 109.5 C5-C6-H6B 108.2 H11D-C11′-H11E 109.5
